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SUMMARY  PAGE 


THE  PROBLEM 

An  experimental  simulation  of  operational  conditions  involved  in  the 
use  of  electro-optical  aids  to  night  vision  was  performed  in  order  to  deter¬ 
mine  the  causes  of  complaints  of  discomfort  and  fatigue  by  users. 

FINDINGS 

A  highly  significant  correlation  occurred  between  subjective  reports 
of  discomfort  and  relative  amount  of  pupil  constriction  in  response  to  brief 
bright  lights.  There  was  no  relation  however  between  these  responses  and 
visual  performance  in  a  visual  search  task. 

APPLICATION 

It  is  very  likely  that  the  cause  of  user’s  complaints  is  repeated  ex¬ 
posure  to  sudden  bright  lights  (amplified  by  the  electro-optical  aid  much 
beyond  their  normal  level),  when  in  a  semi-dark  adapted  state.  These  facts 
will  be  used  in  attempts  to  remedy  causes  of  complaints. 
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ABSTRACT 


Two  measures  of  subjects’  response  to  brief,  bright  lights  in  their  field 
of  view  have  been  made:  (1)  subjective  judgments  of  discomfort  and  (2) 
objective  measures  of  the  amount  of  pupil  constriction  to  the  lights.  These 
measures  were  made  both  before  and  after  a  long  term  visual  search  task. 
The  results  showed  that  those  subjects  who  performed  the  search  under 
conditions  simulating  the  use  of  electro-optical  aids  did  have  greater  dis¬ 
comfort  and  pupil  constrictions  in  response  to  the  lights.  There  was,  how¬ 
ever,  no  concomitant  decrement  in  visual  performance. 


LIGHT  FLASHES,  PUPIL  SIZE  AND  VISUAL  PERFORMANCE : 
An  Analysis  of  Discomfort  in  the  Use  of  Electro-Optical  Aids 


INTRODUCTION 

In  recent  years,  technological  advances  have 
resulted  in  passive,  direct  view,  image-inten- 
sifier  systems  which  significantly  increase  the 
ability  of  men  to  see  and  to  operate  efficiently 
at  night  without  external  light  sources.  The 
systems,  developed  chiefly  by  personnel  at 
Fort  Belvoir  for  Army  use,  employ  miniatur¬ 
ized  image  intensifier  tubes  with  a  total  light 
amplification  of  many  thousands.  They  can 
be  made  in  a  size  small  enough  to  be  hand¬ 
held  and  have  proved  very  effective  in  Army 
night  warfare. 

However,  the  requirements  for  guerilla 
warfare  differ  considerably  from  those  of 
Naval  operations  at  night;  the  Naval  Under¬ 
water  Sound  Laboratory,  New  London,  Con¬ 
necticut,  therefore  has  been  asked  to  adapt 
the  devices  for  efficient  Naval  operations. 

One  of  the  aspects  of  electro-optical  aids 
being  studied  by  USL  are  the  frequent  com¬ 
plaints  of  discomfort  or  fatigue  from  the  field 
by  individuals  using  them  over  fairly  long 
periods  of  time.  The  Vision  Branch  of  the 
Submarine  Medical  Research  Laboratory  was 
given  a  contract  (WR-8-0023)  from  USL  to 
determine  the  basis  of  the  complaints.  Our 
technique  for  analyzing  the  problem  was  to 
simulate  the  conditions  found  in  the  field  in 
carefully  controlled  laboratory  measures. 
From  the  literature  on  discomfort  and  fa¬ 
tigue,  we  picked  variables  which  appeared 
most  relevant  to  the  operational  situation. 

This  literature  is  an  extensive  one  and  con¬ 
sists  of  two  general  types  of  information. 
First  are  the  studies  of  subjective  reports  of 
discomfort.  A  technique  for  measuring  the 
discomfort  produced  by  glare  sources  in  the 
field  of  view  has  been  evolved  and  used  ex¬ 
tensively  in  the  lighting  industry.  The  con¬ 
tributions  of  various  factors,  such  as  the 
size  and  position  of  the  glare'  source,  its 
brightness,  the  viewing  conditions,  the  sub¬ 
ject’s  age,  etc.,  have  been  analyzed.  There 
is  thus  a  method  and  a  considerable  back¬ 
ground  of  data  by  which  subjective  reports 
of  discomfort  can  be  analyzed.’ 


Second  are  the  numerous  attempts  to  find 
physiological  correlates  of  discomfort  and 
fatigue.  Since  it  is  well  known  that  there  are 
no  pain  receptors  in  the  retina,  these  investi¬ 
gations  have  generally  focused  on  various 
oculomotor  systems.  Thus  convergence,  ac¬ 
commodation,  pupil  constriction,  and  blink 
rate  have  all  been  studied.  In  this  area,  how¬ 
ever,  the  results  have  usually  been  negative; 
that  is,  there  was  little  or  no  correlation  be¬ 
tween  the  various  physiological  measures  and 
subjective  complaints.  For  example,  accom¬ 
modation  was  at  one  time  a  prime  suspect  for 
“eye  strain”  and  a  sensitive  technique,  the 
“ergograph,”  was  arranged  to  force  a  subject 
to  use  his  accommodative  mechanism  exten¬ 
sively  over  long  periods  of  time.-  While  ef¬ 
fective  in  producing  fatigue  in  elderly”  or 
asthenopic  subjects,'1  most  young,  normal 
subjects  can  continue  the  exercise  for  hours 
without  showing  any  disability/’  Similarly, 
subjects  have  been  able  to  adjust  to  strenu¬ 
ous  tasks/’  to  setting  a  vernier  gauge  for  two 
hours,7  and  to  reading  for  six  hours'*  without 
sizable  measures  of  fatigue. 

One  of  the  few  positive  results  has  been  a 
relation  between  the  amount  of  pupil  con¬ 
striction  in  response  to  brief  flashes  of  light 
and  subjective  discomfort  reports.  Fugate 
and  Fry"  report  that  subjects  call  a  light 
flash  uncomfortable  when  their  pupils  con¬ 
strict  more  than  l'/omm  in  response  to  a 
light.  The  important  factor  is,  of  course,  the 
sudden  onset  of  a  light  source  whose  intensi¬ 
ty  is  considerably  above  the  level  to  which  the 
eye  is  adapted.  High  intensity,  per  se,  is  not 
necessarily  uncomfortable ;  the  pupil  responds 
quickly  and  the  eye  adapts  readily  to  increas¬ 
es  in  brightness.  After  a  few  seconds  the 
bright  source  is  no  longer  uncomfortable.’" 

Sudden  exposures  to  bright  lights  are  a 
common  experience  for  operators  of  the 
electro-optical  aids.  The  devices,  designed  to 
amplify  extremely  low  light  levels  to  usable 
quantities,  also  increase  lights  that  would  be 
visible  without  this  amplification.  The  oper¬ 
ator,  scanning  a  night  horizon,  may  inadvert¬ 
ently  turn  the  instrument  on  a  light  source 
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and  find  his  eye  flooded  with  light  10  to  1000 
times  greater  than  the  level  to  which  he  is 
adapted. 

Since  intense  lights  seemed  to  be  a  likely 
source  of  the  complaints  of  discomfort  in  the 
field,  the  experiment  was  designed  to  provide 
subjects,  who  were  adapted  to  a  low,  overall 
light  level,  with  brief  lights  and  to  measure 
their  responses  to  them.  Two  measures  were 
made:  (1)  subjective  judgments  of  whether 
or  not  flashes  of  various  intensities  were  un¬ 
comfortable,  and  (2)  objective  measures  of 
the  amount  of  pupil  constriction  to  the  vari¬ 
ous  lights.  Since  the  electro-optical  aids  are 
monocular  devices,  1/2  of  the  subjects  were 
tested  monocularlv  throughout;  the  other  1/2 
of  the  subjects  used  binocular  vision. 

In  order  to  relate  subjective  reports  to  per¬ 
formance,  a  visual  search  task  was  devised. 
The  subject’s  ability  to  find  a  test  target  in 
an  array  of  other  similar  targets  was  meas¬ 
ured  continuously  for  a  half-hour  period.  The 
search  task  was  performed  at  one  of  two  lu¬ 
minance  levels,  5  ft-L  or  100  ft-L.  The  for¬ 
mer  was  chosen  to  be  representative  of  nor¬ 
mal  operating  levels  for  the  electro-optical 
aids,  the  latter  as  the  brightest  extreme  en¬ 
countered. 

The  experimental  protocol  is  summarized 
below : 

First,  the  subjective  responses  of  the  men 
to  brief  bright  lights  were  recorded.  Simul¬ 
taneously  photographs  of  the  pupillary  re¬ 
sponses  were  made. 

Second,  the  men  performed  a  visual  moni¬ 
toring  task,  searching  for  a  visual  target  for 
86  min.  at  one  of  two  light  levels. 

Third,  the  subjective  responses  and  the 
pupil  sizes  were  measured  again.  The  differ¬ 
ence  between  these  measures  and  the  first 
measures  reveals  the  effects  of  the  interven¬ 
ing  search  task. 

APPARATUS  AND  PROCEDURE 
Visual  Performance 

The  subject’s  task  in  visual  search  was  to 
determine  whether  or  not  a  target  was  pres¬ 
ent  in  an  array  of  similarly  shaped  figures. 
Figure  1  is  an  example  of  the  task:  all  fig- 
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Fig.  1.  An  example  of  one  of  the  arrays  used  in  the 
visual  search  task.  A  target  is  present  in  the 
third  row,  third  column. 


ures  were  composed  of  28  circles  in  one  of 
two  sizes,  14  large  and  14  small.  The  target 
was  an  intermediate-sized  circle ;  when  pres¬ 
ent  in  an  array,  it  replaced  one  of  the  small 
circles.  The  position  of  all  of  the  circles  in 
an  array  was  allocated  on  a  random  basis. 

The  arrays  were  photographed  and  mount¬ 
ed  as  slides  for  projection  to  the  subject  by 
means  of  Kodak  Carousel  projector.  A  total 
of  240  arrays  were  fabricated;  these  were 
placed  in  six  trays  of  40  each.  Of  each  of  the 
40  arrays,  12  contained  targets,  the  other  28 
did  not.  In  a  preliminary  investigation,  the 
difficulty  of  detecting  the  target  was  deter¬ 
mined  for  each  array.  The  trays  were  then 
balanced  so  they  each  contained  targets  of 
equal  difficulty. 

The  arrays  of  figures  were  presented  auto¬ 
matically  for  4.5  seconds  each.  A  4.5  second 
interval  followed  each  array,  during  which 
period  the  subject  responded  to  the  previous 
array.  This  period  was  the  result  of  project¬ 
ing  a  blank  piece  of  cardboard  on  the  screen, 
which  blocked  the  light  from  the  projector. 

Presentation  of  a  complete  tray  took  six 
minutes;  six  trays  were  projected  without 
interruption  yielding  a  total  monitoring  time 
of  36  minutes.  Subjects  were  provided  with 
two  buttons,  one  for  “yes”  and  one  for  “no” ; 
their  responses  were  recorded  automatically 
on  a  pen  and  moving  paper  system  located  in 
an  adjacent  room. 
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Subjective  Judgments  of 
Comfort-Disccmfort 

Subjects  were  asked  to  judge  whether  or 
not  various  intensities  of  light  were  uncom¬ 
fortable  when  presented  to  them  in  an  other¬ 
wise  dark  environment.  The  various  intensi¬ 
ties  were  achieved  by  placing  neutral  density 
filters  in  the  Carousel  projector.  They  were 
arranged  in  an  ascending  scale  from  .1  ft-L 
to  100  ft-L,  in  one-half  log  unit  steps.  The 
highest  intensity,  200  ft-L,  wa§  1/3  log  unit 
greater  than  the  preceding  one  and  repre¬ 
sented  the  maximum  amount  of  light  avail¬ 
able  with  the  Carousel  projector. 

Each  light  was  presented  for  4.5  seconds 
and  was  followed  by  13.5  seconds  of  dark¬ 
ness.  (Some  diffuse  illumination  was  present 
from  stray  light  in  all  “dark”  conditions;  it 
measured  about  5  x  10'4  ft-L  on  the  screen.) 

Subjects  were  asked  to  respond  as  to 
whether  or  not  the  lights  were  uncomfortable 
by  pressing  the  same  buttons  for  “yes”  and 
“no”  as  they  used  in  the  search  task. 

Pupil  Size  Measurements 

Infra-red  photographs  of  the  right  pupil  of 
each  subject  were  taken  periodically  during 
the  dark  periods  and  during  presentation  of 
the  various  light  intensities  which  the  sub¬ 
ject  was  simultaneously  rating  for  comfort. 
A  35-mm  camera,  loaded  with  infra-red  film 
and  equipped  with  a  close-up  lens,  was  mount¬ 
ed  with  a  view  of  the  subject’s  right  eye.  A 
spot  light  was  reflected  from  a  mirror  to  the 
subject’s  eye  while  the  camera  was  focused. 
An  infra-red  filter,  Corning  No.  2550,  was 
then  inserted  in  the  spot  light  beam,  enabling 
photographs  to  be  taken  in  the  darkened 
room. 

SUBJECTS 

A  total  of  67  enlisted  men  serving  on  sub¬ 
marines  stationed  at  the  Naval  Submarine 
Base,  Groton,  Conn.,  served  as  subjects  for 
the  experiment.  They  ranged  in  age  from  18 
to  29  years,  and  had  visual  acuity  of  at  least 
20/25  without  correction. 

The  men  were  assigned  randomly  to  one 
of  the  four  experimental  groups;  (1)  monoc¬ 


ular  vision  with  the  search  task  performed  at 
5  ft-L;  (2)  binocular  vision  at  5  ft-L;  (3) 
monocular  vision  at  100  ft-L;  and  (4)  binoc¬ 
ular  vision  at  100  ft-L.  Complete  sets  of  pu¬ 
pil  size  photographs  were  available  for  only 
20  of  the  67  men.  Of  these  20,  there  were 
five  in  each  of  the  four  experimental  groups. 


THE  EXPERIMENTAL  MEASURES 
Visual  Performance 
1.  Results 

Table  I  gives  the  average  number  of 
targets  detected  by  each  of  the  four  experi¬ 
mental  groups  over  the  total  36  min.  testing 
period.  The  average  value  of  about  45  correct 
detections  out  of  a  possible  72  (64%)  was 
similar  for  all  groups  irrespective  of  whether 
they  viewed  the  display  monocularly  or  bin- 
ocularly  or  at  a  background  luminance  of  5 
or  100  ft-L. 


Table  I.  Mean  Number  of  Correct  Detections  for 
Each  Viewing  Condition 


Condition 

N 

Mean 

(T 

Monocular  High 
Intensity 

15 

46.7 

±8.0 

Monocular  Low 
Intensity 

18 

44.2 

±6.8 

Binocular  High 
Intensity 

18 

44.7 

±8.3 

Binocular  Low 
Intensity 

16 

48.2 

±7.4 

The  performance  of  the  subjects  over  time 
is  plotted  for  the  group  as  a  whole  in  Fig.  2. 
The  number  of  correct  detections  in  succeed¬ 
ing  time  periods  at  first  rose  and  then  fell  in 
a  typical  monitoring  curve.  Differences  be¬ 
tween  time  periods  are  however  small.  The 
differences  in  the  performance  curves  for 
monocular  vs  binocular  viewing  and  for  low 
vs  high  intensities,  depicted  in  the  bottom  of 
the  figure,  are  likewise  of  minor  importance. 
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Fig.  2.  The  average  percent  correct  of  target  iden¬ 
tifications  over  the  36  minute  testing  period. 


2.  Discussion 

The  performance  data  are  typical  of 
the  majority  of  experiments  on  vigilance11 
and  are  in  agreement  with  general  knowledge 
of  visual  functioning.  There  is  a  small  prac¬ 
tice  effect  or  “warm-up”  period  in  the  begin¬ 
ning  of  any  novel  task  followed  by  a  leveling 
off  and  ultimately  by  a  decrement  as  the  sub¬ 
ject  becomes  bored,  fatigued,  or  generally 
less  alert.  The  onset  of  the  decrement  and 
its  severity  are  a  function  of  many  variables; 
important  among  these  are  signal  rate,  knowl¬ 
edge  of  results,  and  signal  load  or  complexity. 
Small  decrements  are  generally  found  with 
high  signal  rates,  as  used  here,  with  knowl¬ 
edge  of  results  or  high  signal  expectancy  and 
with  relatively  simple  tasks.12 

The  search  task  itself,  being  supra-thresh- 
old,  is  not  dependent  upon  illumination  level 
nor  on  the  color  of  the  illumination.  In  the 
original  standardization  of  the  test,  colored 
backgrounds  of  red,  yellow,  green,  blue,  and 


neutral  were  tried,  as  were  illumination  levels 
of  5  and  100  ft-L.  None  of  these  conditions 
resulted  in  differences  in  performance  in  the 
visual  search  task.  The  independence  of  per¬ 
formance  from  illumination  level  is  repeated 
in  the  results  here.  At  lower  illumination 
levels,  there  would,  of  course,  be  a  point  be¬ 
low  which  the  subject  actually  had  difficulty 
seeing  the  array  and  amount  of  light,  per  se, 
would  become  an  important  factor  in  per¬ 
formance. 

Similarly,  the  task  is  easy  enough  so  that 
the  use  of  both  eyes  does  not  improve  per¬ 
formance  over  what  can  be  done  with  one  eye 
alone.  Under  conditions  closer  to  the  thresh¬ 
old  for  vision,  one  would  expect  two  eyes  to 
be  better  than  one  on  a  simple  probability 
basis.13 


3.  Subjective  Reports 

Subjects  were  interviewed  after  the 
completion  of  the  experiment  regarding  any 
difficulties  they  might  have  experienced  and 
as  to  whether  they  found  the  search  task 
easier  at  the  beginning  or  end  of  the  moni¬ 
toring  period.  Table  II  presents  the  results 
of  the  most  frequent  complaint,  that,  after 
viewing  for  some  time,  all  circles  began  to 
appear  very  similar  in  size.  From  these  re¬ 
ports  it  is  clear  that  the  subjects  regarded 
the  low  intensity  monocular  condition  as  the 
most  difficult  and  the  high  intensity  binocular 
condition  as  the  least  difficult. 


Table  II.  Percent  of  Subjects  Complaining  About 
Search  Task 


Condition 

Monocular 

Binocular 

Mean 

Low  Intensity 

39% 

31% 

36% 

High  Intensity 

33 

17 

24 

Mean 

36 

24 
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The  performance  data  on  these  subjects, 
who  complained  of  the  increasing  difficulty 
of  the  task  over  time  was  tabulated  separate¬ 
ly.  Their  results  are  compared  in  Fig.  3  with 
that  of  the  remainder  of  the  subjects,  who 
stated  that  the  task  did  not  change  in  diffi¬ 
culty  over  time.  The  shapes  of  the  perform¬ 
ance  curves  are  almost  identical,  ,  indicating 
no  correlation  between  subjective  reports  and 
actual  performance. 


Fig.  3.  A  comparison  of  the  performance  overtime 
of  individuals  who  complained  of  the  increas¬ 
ing  difficulty  of  the  search  task  and  those 
who  did  not. 


Discomfort  Judgments 
1.  Results 

The  overall  results  of  the  discomfort 
judgments  are  portrayed  in  Fig.  4.  The  per¬ 
centage  of  the  67  subjects  who  rated  a  given 
intensity  as  uncomfortable  is  plotted  as  a 
function  of  intensity.  A  regular,  cumulative, 
normal  distribution  function  was  produced 
which  increases  from  almost  zero  judgments 
of  discomfort  at  .1  ft-L  to  nearly  100  ^  of 
the  men  at  200  ft-L. 


Fig.  4.  The  percentage  of  subjects  reporting  differ¬ 
ent  luminance  levels  to  be  uncomfortable. 
Average  of  all  data. 
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Fig.  5.  The  percentage  of  men  under  different  ex¬ 
perimental  conditions  who  reported  the 
lights  as  uncomfortable. 
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Figure  5  is  a  comparable  analysis  for  the 
different  experimental  groups  showing  the 
judgments  made  of  the  various  intensities 
before  and  after  the  monitoring  task.  The 
influence  of  the  intervening  task  is  apparent 
in  the  judgments.  For  both  groups  monitor¬ 
ing  under  the  low  intensity  condition,  there 
was  a  shift  in  the  judgments;  lights  were 
rated  as  uncomfortable  by  many  more  men 
after  the  monitoring.  Different  results  were 
found  for  the  group  who  monitored  under 
the  high  intensity  condition.  With  monocular 
viewing  there  was  no  apparent  difference  be¬ 
tween  judgments  before  and  after  monitor¬ 
ing.  With  binocular  viewing,  the  results  were 
reversed;  lights  were  judged  as  uncomfort¬ 
able  by  more  men  before  monitoring  than 
after. 

2.  Discussion 

The  technique  of  asking  the  subjects 
to  rate  brief  exposures  of  lights  as  to  wheth¬ 
er  or  not  they  are  uncomfortable  has  yielded 
a  functional  relationship  between  the  per¬ 
centage  of  the  men  responding  positively  and 
the  intensity  of  the  light.  The  normal  dis¬ 
tribution  which  resulted  in  50%  of  the  men 
rating  about  10  ft-L  as  uncomfortably  bright 
is  specific  to  these  particular  experimental 
conditions.  Discomfort-glare  is,  of  course,  re¬ 
lated  to  the  size  of  the  light  source,  the  level 
of  the  background,  the  state  of  adaptation  of 
the  eye,  the  age  of  the  subject,  the  overall 
sensitivity  of  the  subject,  and  many  other 
variables. 

All  of  these  variables  with  the  exception 
of  the  state  of  adaptation  of  the  eye  have 
been  held  constant  in  the  comparison  of  judg¬ 
ments  before  and  after  monitoring,  thus 
yielding  a  sensitive  measure  of  discomfort 
due  to  the  specific  experimental  conditions. 
After  working  in  a  generally  low  light  level 
(5  ft-L  interspersed  with  the  low  background 
illumination),  most  subjects  found  ordinary 
levels  of  room  illumination  uncomfortable. 
After  working  in  a  generally  high  illumina¬ 
tion  level  (100  ft-L  interspersed  with  the 
background)  more  subjects  judged  the  same 
lights  as  comfortable.  These  differences  un¬ 
doubtedly  reflect  the  effect  of  various  states 
of  light  or  dark  adaptation ;  an  ordinary  light 
can  be  very  painful  if  dark  adapted  while 


very  bright  lights  may  be  easily  tolerated  if 
the  eyes  are  adapted  to  a  generally  high  level 
of  illumination.  The  relation  between  these 
subjective  measures  and  changes  in  pupil  size 
will  be  considered  in  the  following  sections. 

Pupil  Size 
1.  Results 

There  are  considerable  data  available 
in  the  literature  on  the  relationship  between 
pupil  size  and  light  level.14  While  there  are 
vast  differences  in  absolute  size  reported  by 
the  various  investigators,  the  functional  re¬ 
lation  between  increasing  illumination  and 
decreasing  pupil  size  is  fundamental  to  all. 
A  comparison  between  the  results  of  the  av¬ 
erage  data  from  this  study  and  deGroot’s 
summary1"  of  the  literature  is  given  in  Fig. 
6.  The  average  values  decrease  regularly  in 
size  as  the  light  level  is  increased  and  fall 
within  the  typical  range  of  values  of  previous 
investigations. 


LUMINANCE  ft- L  (LogSeaie) 

Fig.  6.  Average  pupil  diameter  for  all  subjects  as  a 
function  of  luminance  level. 


The  reason  for  the  differences  in  absolute 
size  found  in  different  investigations  is  that 
there  are  many  other  factors,  in  addition  to 
illumination  level,  which  affect  pupil  size  and 
which  may  be  specific  to  the  particular  exper¬ 
imental  situation.  One  of  these,  a  monocular 
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PUPIL  SIZE  (mm) 


or  binocular  condition  of  viewing,  is  pertinent 
to  this  study.  The  pupils  of  the  two  eyes  nor¬ 
mally  constrict  and  dilate  consensuallv ;  that 
is,  if  only  one  eye  is  exposed  to  light,  the  other 
eye  will  constrict  about  the  same  amount 
whether  or  not  it  is  exposed  to  light.  How¬ 
ever,  the  agreement  between  the  pupil  sizes 
of  differentially  illuminated  eyes  is  never 
perfect;  there  is  always  some  residual  effect 
of  the  state  of  the  other  eye. 


investigation  but  rather  it  is  the  relative 
amount  of  change  or  constriction  that  is  re¬ 
lated  to  discomfort.  The  rest  of  the  pupil- 
size  data,  therefore,  are  reported  in  terms  of 
a  ratio:  the  size  of  the  pupil  in  light  to  its 
size  in  the  dark  for  each  individual.  Thus,  a 
ratio  of  1.0  means  there  was  no  change  from 
light  to  dark  while  a  ratio  of  .5  means  the 
pupil  in  light  is  one  half  of  its  size  in  the  im¬ 
mediately  preceding  dark  period. 


Figure  7  shows  the  absolute  pupil  size  of 
the  two  groups  of  subjects  who  observed 
monocularly  and  binocularly  in  this  study. 
The  pupil  sizes  of  the  monocular  group  are 
larger  throughout  than  those  of  the  binocu¬ 
lar,  in  agreement  with  the  well-documented 
effect  of  patching  one  eye  on  the  pupil  size 
of  the  other.16  The  differences  here  between 
the  monocular  and  binocular  groups  are  very 
small  but  the  absolute  size  may  be  obscured 
by  the  fact  that  different  individuals  form 
each  group.  Differences  of  .5  to  1  mm  be¬ 
tween  monocular  and  binocular  viewing  in 
the  same  Ss  are  commonly  reported. 


Fig.  7.  A  comparison  of  pupil  sizes  under  monocu 
lar  and  binocular  viewing  conditions. 


There  are  many  other  factors  that  can  af¬ 
fect  pupil  size,  such  as  the  age  of  the  subject, 
his  state  of  alertness,  and  even  his  degree  of 
interest  in  the  task.17  The  absolute  pupil  size, 
per  se,  is  not,  however,  of  importance  to  this 


Figure  8  presents  the  pupil  size  data,  in 
terms  of  the  relative  amount  of  constriction 
from  dark  to  light,  for  each  of  the  four  ex¬ 
perimental  groups  before  and  after  the  moni¬ 
toring  task.  For  example,  before  monitoring, 
the  pupils  of  the  subjects  in  the  monocular 
low  group  at  1.0  ft-L  were  .74  of  their  value 
in  the  dark.  After  monitoring  their  pupils 
averaged  .64  of  their  size  in  the  dark  at  the 
same  light  level.  This  increase  in  the  amount 
of  constriction  to  light  after  monitoring  is 
found  throughout  the  entire  range  of  intensi¬ 
ties  for  this  experimental  group. 


LUMINANCE  ft-L  (Log  Scolt } 
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Fig.  8.  The  relative  amount  of  pupil  constriction  to 
light  before  and  after  the  visual  search  task. 


Similarly  the  relative  constriction  for  the 
group  monitored  monocularly  under  the  high 
intensity,  was  much  greater  after  the  task, 
as  was  the  data  for  the  binocular,  low  inten¬ 
sity  group,  with  the  exception  of  one  point. 
For  the  binocular  high  intensity  group,  there 
is  no  apparent  difference  in  pupil  constriction 
before  and  after  monitoring. 
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Relation  Between  Pupil  Size  and  Discomfort 
1.  Results 

A  point  biserial  correlation  was  per¬ 
formed  between  the  pupil  size  ratios  and  the 
subjects’  judgments  of  comfort  or  discomfort 
for  each  of  the  six  illumination  levels  at 
which  the  pupil  wras  photographed.  The  di¬ 
chotomous  variable  was  comfort  or  discom¬ 
fort  and  the  continuous  variable,  the  ratio  of 
pupil  size  (Light/Dark)-  at  each  light  level. 
The  results  are  given  in  Table  III.  The  point 
biserial  correlation  of  .95  is  significant  at 
greater  than  the  .001  level. 


Table  III.  The  Relation  Between  Comfort 
Discomfort  Judgments  and  the  Amount 
of  Pupil  Constriction 


L/D  Ratio 

N 

Mean  Pupil  Size  Ratio 

.66 

480 

Mean  Pupil  Size  Ratio 

No  Discomfort 

.64 

224 

Mean  Pupil  Size  Ratio 
Discomfort 

.56 

266 

r,„,i=-95 

This  finding  of  a  general  relationship  be¬ 
tween  amount  of  pupil  constriction  and  com¬ 
fort-discomfort  judgments  led  to  a  further 
analysis.  The  subjective  judgments  of  the  20 
specific  subjects  for  whom  pupil  sizes  were 
available  were  separated  from  the  judgments 
of  the  rest  of  the  group.  The  percentage  of 
the  lights  called  uncomfortable  by  these  five 
subjects  in -each  of  the  four  experimental 
groups  is  plotted  in  Fig.  9.  The  data  are  es¬ 
sentially  the  same  as  those  of  the  larger 
group  of  subjects  (Fig.  5)  with  the  exception 
of  a  few  minor  details;  the  latter  generally 
improve  the  correspondence  between  the 
comfort-discomfort  judgments  and  amount 
of  pupil  constriction.  This  is  particularly  true 
for  the  monocular-high  group.  A  comparison 
of  Figs.  8  and  9  reveals  good  agreement  be¬ 
tween  the  discomfort  judgments  and  the  pu¬ 
pil  constrictions.  In  general,  after  an  ex¬ 
tended  period  of  visual  search  performed 
monocularly  or  in  low  illumination  levels, 
subjects  are  more  sensitive  to  bright  lights 


and  their  pupils  constrict  more.  After  per¬ 
forming  the  same  task  binocularly  at  high 
intensities  the  relationship  tends  to  reverse. 


x -  Befort  Vitiiol  Search  Toth 


LUMINANCE  »1  -  L  <  L*f  Stole) 


Fig.  9.  The  subjective  judgments  of  comfort  for  the 
20  specified  subjects  for  whom  complete  pu¬ 
pil  size  data  were  available. 


GENERAL  DISCUSSION  AND 
INTERPRETATION 

The  results  of  the  experiment  show  that 
sudden  exposures  to  bright  lights  are  judged 
to  be  an  uncomfortable  experience  by  the  vast 
majority  of  subjects  and  that  they  simulta¬ 
neously  result  in  correlated  pupillary  con¬ 
strictions.  The  amount  of  constriction  is  de¬ 
pendent  upon  the  state  of  adaptation  of  the 
eye  and  upon  the  viewing  conditions. 

The  comparison  of  responses  (both  judg¬ 
mental  and  pupillary)  before  and  after  an 
extended  visual  task  is  a  particularly  sensi¬ 
tive  measure  since  individual  differences  are 
controlled.  This  comparison  reveals  that  bin¬ 
ocular  viewing  under  a  high  luminance  level 
is  the  only  condition  that  does  not  result  in 
greater  discomfort  with  subsequent  exposure 
to  light.  If  the  visual  task  is  performed  at  a 
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low  light  level  or  if  only  one  eye  is  used  and 
the  other  eye  is  patched,  subjects  will  be 
more  sensitive  to  sudden  bright  lights  in 
their  fields  of  view. 

The  latter  conditions  are,  of  course,  in¬ 
trinsic  to  the  use  of  electro-optical  aids.  The 
operator  working  at  night  is  adapted  to  a 
very  low  light  level.  When  he  uses  the  de¬ 
vice,  one  eye  receives  a  moderate  amount  of 
light  (1  to  10  ft-L)  while  the  other  eye  re¬ 
mains  dark  adapted.  The  constriction  of  his 
pupil  to  the  moderate  light  level  is  not  as 
great  as  it  would  normally  be  since  his  other 
eye  remains  in  the  dark.  Accidental  exposure 
to  high  intensities  result  in  sizable  pupillary 
constrictions  and  in  sensations  of  discomfort 
or  pain. 

On  the  other  hand,  there  was  no  evidence 
of  a  decrement  in  performance  correlated 
with  these  subjective  responses.  Subjects 
who  performed  the  visual  search  task  monoc- 
ularly  did  just  as  well  as  those  observing  bin- 
ocularly.  Furthermore,  the  statement  by 
subjects  who  complained  that  the  search  be¬ 
come  more  difficult  as  they  continued  was  not 
supported  by  a  performance  decrement  over 
time.  Similar  results  were  obtained  in  the 
original  trials  with  the  test  using  colored  il¬ 
lumination.  Of  the  four  colors  employed,  red 
was  the  only  illumination  about  which  the 
subjects  complained.  While  the  majority  of 
the  subjects  did  state  that  they  found  the  red 
to  be  uncomfortable,  there  was  no  correspond¬ 
ing  decrement  in  performance. 

This  lack  of  correlation  between  complaints 
and  performance  is  not  at  all  unusual.  In  a 
large  number  of  investigations  of  the  effect 
of  environmental  stress  on  performance,  sub¬ 
jects  can  and  do  continue  to  respond  effec¬ 
tively  well  beyond  the  point  at  which  they 
complain  loudly  about  discomfort.18  One  in¬ 
terpretation  of  these  data19  is  that  man  rarely 
lives  up  to  his  potential;  that  is,  he  will,  if 
allowed,  quit  before  he  has  to.  However,  it 
should  be  inferred  from  this  that  no  perform¬ 
ance  decrement  will  ever  be  encountered,  if 
for  example,  the  search  task  is  extended  over 
time,  or  if  other  than  young,  healthy,  males 
are  used  as  subjects.  Performance  decre¬ 
ments  always  occur  under  extreme  environ¬ 


mental  stress.  The  only  point  is  that  sub¬ 
jects  may  be  still  capable  long  after  they 
begin  to  complain. 

SUMMARY 

The  responses  of  individuals  to  sudden  ex¬ 
posures  of  bright  light  sources  were  meas¬ 
ured  both  subjectively,  by  judgments  of  dis¬ 
comfort,  and  objectively,  by  amount  of  pupil 
constriction.  These  measures  were  made  be¬ 
fore  and  after  an  extended  visual  search  task. 
Those  individuals  tested  under  conditions 
simulating  use  of  the  electro-optical  aids  (i.e., 
monocular  viewing  and  low  level  illumination) 
were  bothered  much  more  by  the  subsequent 
lights;  those  individuals  tested  binocularly  at 
high  illumination  levels  were  not.  There  was, 
however,  no  concomitant  decrement  in  per¬ 
formance. 
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